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FOREWORD

This volume is one of five for the Space Station Human Productivity Final Report. The five volumes are:

I — Final Report (Study Description)
Mp I — Executive Summary and Oral Review
Il — Requirements
IV — Issues
V — Study Management Plans
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TECHNICAL MONITOR

ion T —————————eseesss Human Productivity Study s
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STUDY OBJECTIVES

SUPPORT SPACE STATION

1.

DEFINE DESIGN/OPERATIONS REQUIREMENTS FOR SUPPORT OF
HUMAN PRODUCTIVITY

IDENTIFY PROBLEM AREAS LACKING DATA FOR REQUIREMENTS
DEFINITION

GENERATE MANAGEMENT PLANS FOR CONDUCT OF STUDIES TO
ACQUIRE NEEDED DATA FOR TIMELY SPACE STATION PROGRAM
IMPACT

CORRELATE ALL ISSUE STUDY MANAGEMENT PLANS WITH SPACE
STATION PROGRAM MILESTONE NEED DATES.
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SPACE STATION
PROGRAM
ELEMENTS AFFECTING
HUMAN PRODUCTIVITY

e

STUDY APPROACH

UNRESOLVED
REQUIREMENTS

DEFINED
REQUIREMENTS

Human Productivity Study s

ISSUES

17

ISSUE STUDY
MANAGEMENT PLANS

___i7

| 1ssues sTubies "
—— 37 _
I DEFINED
| REQUIREMENTS |

P |

J
_

SPACE STATION PROGRAM

PHASE B PHASE C/D
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TECHNICAL APPROACH OVERVIEW
!, Human Productivity Study e

DEFINED | o] REQUIREMENTS | wmoo%n_wm_ﬂwﬂqml“
™| REQUIREMENTS DOCUMENT —~
L _UPDATE |
CANDIDATE ) *.l
SOLUTIONS _
|
CRITICAL _
4 ™ AssumPTIONS _
|
|
LITERATURE REFERENCES l._P
SEARCH =
CONDUCT
UNRESOLVED . I Sstubies |
REQUIREMENTS I |
AREAS LACKING )
— DATA |
IDENTIFIED | I RANK/SELECT | _| MANAGEMENT
ISSUES ISSUES PLANS
SUPPORT TASKS
SPECIAL DESIGN
- STUDIES CONCEPTS
9
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DATA MANAGEMENT SYSTEM
e esnenssennns. HUuman 1q0n_=nnm<=< Study wemema

ATI SFi ILC BAC LMSC SUNNYVALE
RESTON (VA) SOUTHFIELD (MI) HOUSTON SEATTLE v
*
SIMILAR SIMILAR SIMILAR SIMILAR [MSC
TO LMSC TO LMSC TO LMSC TO LMsC DATA FILES PC XT
TECHNICAL
@ DATA FILE 640K
LMSC MODEM AND
TELECOM PACKAGE
A
wmmnz_n__nrm_w GRAPHIC COLOR
SUBS CARD AND MONITOR
MANAGEMENT AND TECHNICAL DATA (\ PRINTER
MEMO, DOCUMENTS, NOTES
CORRESPONDENCE DISK/TAPE BACKUP
N~ FRAMEWORK
INTEGRATED
DATA FILE TECHNICAL | CORRESP |
NASA, ARC NASA, JsC
MOFFETT FIELD (CA) HOUSTON (TX)
*INCLUDES :
SIMILAR SIMILAR
"TO LMSC TO LMSC ] HAYES (1200) BAUD) MODEM

TURN-ON (H/W AND S/W) TELECOM PACKAGE
AST 6 PAK-PLUS EXPANSION CARD WITH CLOCK
DAVONG 40 M-BYTE DISK WITH TAPE BACKUP
DOS 2.0 (OR 2.1)

FRAMEWORK

APPLICATION TEMPLATES

I1
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_ TASK 1 - IDERTIFY DESIGN
RECOMMENDATIONS

_ '
1DENTIFY
SPACE STATION
ELEMENTS
AFFECTING HUMAN
— PROOUCTIVITY

(SOW TASK 3.1)

K 3 - IDENTIFY AND RANK ORDER ISSUES
(SOW TASK 3.3)

T

TASK 4 - IDENTIFY

STLDY

INTHCRATE
Bara

— '
|
i

———

PROPUSAL ELEMENT (1ST
HUMAN PRODUCTIVITY

SUPPORT NEEDS LIS TING
HHASE 8 REP

® REFERENLE DESICN
CONLERT
HEQUIREMENTS
SIONS

® WEESTONES SCHEDULE
DL WOKKSHOP DAA
HPWL WORKSHOP DATA
EVA STUDY INTERFACE
THLD MABITABILITY STUDIES

STUDY TEAM EXPLRIENCE AND
DATA

LITERATURE REVIEWS
NASA HIOPS

MISSION FUNCTIONS STSTEM
BHEARDOWNS

EXPERT INQUIRIES
HEE STANDANDS AND CUHDES

\

TASK 8 - DEVELOP

— TAS _
l_ TRADE STUDIES MANAGEMENT
(SOW TASK 3.4) _ _ PLANS AND _
) - DEVELOPMENTAL
_ _ Derine _ _ SCHEDULES
12 TRADE STUDY OW TASK 3.6)
_ PRANK OWDER BY IMPORTANCE ~  — — ~ 1 VALUE (s
. i SYSTEM _ _ _
1 rs _ 1 b 12,4 " 30 [n [EE s 2]
} SELECT OEFINE
OEFINE DESICN/ IDENTIFY, 1 ' RANK HUMAN RANK IssuEs | | MASA REVIEW/ | nmxvm)nna 1SSUE _ _ MANAGEMENT DE FINE
OPERATIONS paSsESS : fDENTIFY PRODUCTIVITY BY 1 UPDATE 155U€s = 1SSUE P aesoL LT ION T 1 7] PLANS FOR SCHEDULES
REQUIREMENTS hmwmx — _ 1S5UES “ EFFECTS impoRTANCE | ] AND RANKINGS T asa puans APPROACH _ EACH ISSUE
: i e et I | o _
> i\ 0BIECTIVES
i RANK
DEFINE DESICN/ VBl oesicwn 1| RANK issUES conpuct
OPERATIONS €FFECTS BY TEMPORAL SELECTED
RECOMMENDATIONS — ] Il emiomiry | TRADES DELIVERABLES
| |
RANK
1 ! OPERATIONAL J _ INPUTS
i EFFECTS i
e =————_ _ 1
IIIIL rll |||||.|'||I|||._ _ _ _ APPROACH —
TASK 2 - _ TASK § - PERFORM MMPmndmo_ SPECIAL
IDENTIFY CONCEPTUAL REQUIREMENTS _
_ CRITICAL DESIGNS
ASSUMPTIONS (SOW TASK 3.5} _ _ KL A _
MANPOWER
— (SOW Task 3.2)
L — CONCEPTUAL — _ 1SSUE
_ _ DESIGNS . _ INTERFACES
10ENTIFY
CRITICAL
ASSUMPTIONS
ISSUE EFFECT

CRITERIA

13
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TASKS 1 AND 2

_—emme———————————
TASK 1 - IDENTIFY DESIGN l— TASK 3 - IDENTIFY
RECOMMENDATIONS {SOW TA!
(SOW TASK 3.1) _
1.2
Y
1
1.2 |
1.3 1.5 11
IDENTIFY !
SPACE STATION DEFINE DESIGN/ AL [ T )
ELEMENTS f—b] OPERATIONS fmufp| ASSESS —p| DENTIFY
AFFECTING HUMAN REQUIREMENTS wwrmz _\ ISSUES !
PRODUCTIVITY AREAS |
1
_ ﬁ _ _
DEFINE DESIGN/ " =
OPERATIONS
RECOMMENDATIONS i
1.1 |
s DY !
TUu 1
INTEGRATE s OO0 .
DATA ] M m
L il 12
— T D&
. D X
; \ o o
PROPOSAL ELEMENT LIST TASK 2 -
HUMAN PRODUCTIVITY (o W +]
SUPPORT NEEDS LISTING IDENTIFY % =
PHASE B RFP CRITICAL s T8
e REFERENCE DESIGN - sy
REFEREN, ASSUMPTIONS T
e REQUIREMENTS (SOW TASK 3.2) o I
* MISSIONS -< v
® MILESTONES SCHEDULE 2.1
CDG WORKSHOP DATA REVIEW /LIST
HPWG WORKSHOP DATA ALL REFERENCES
EVA STUDY INTERFACE - *
IRED HABITABILITY STUDIES DENTIFY
STUDY TEAM EXPERIENCE AND CRITICAL
DATA ASSUMPTIONS i
LITERATURE REVIEWS *
NASA RTOPS 2.2
MISSION/FUNCTIONS /SYSTEM OEFINE
IRE A RDOWNS ISSUE EFFECT
CRITERIA
EXPERT INQUIRIES
HFE STANDARDS ANG GUIDES | e —_—
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1.2 IDENTIFY SPACE STATION ELEMENTS AFFECTING HUMAN PRODUCTIVITY

COMMON ELEMENTS

STEERING ELEMENTS

o ANTHROPOMETRICS ® MAN/MACHINE ROLES 0 0
o INFORMATION MANAGEMENT ® AUTONOMY FROM THE GROUND -n m
o COMMUNICATIONS o SAFETY
o INFLIGHT MAINTENANCE ® HUMAN FACTORS ENGINEERING Iy o] m
e QUALITY ASSURANCE O Nu
e LOGISTICS 0 W..n
o INFLIGHT TRAINING SIMULATORS .
e TOOLS e
. ] : QT
CUSTOMER mm._ﬂ<_0mm ELEMENTS SPACE STATION .mC_u_uO_N._. ELEMENTS m o
_ ] r T T | C M
IVA EVA CREW CREW GROUND w (73
SYSTEMS SYSTEMS ARCHITECTURE FACILITIES ACTIVITIES SUPPORT
® WORK STATIONS ® SPACE SUIT AND PLSS o RESTRAINTS/MOBILITY e ECLSS ® ONBOARD TRAINING o TRAINING
e SPECIAL FACILITIES ® ORBITAL SERVICE UNIT AIDS ® PERSONAL HYGIENE o SCHEDULING/WORK ¢ SIMULATORS
& CUSTOMER PAYLOADS * MMU e LAYOUT o WASTE MANAGEMENT INTEGRATION o GROUND-BASED MONITORING
e CUSTOMER OPERATIONS ® AJRLOCK e TRAFFIC FLOW e CONTAMINATION o ORGANIZATIONAL SYSTEMS o SELECTION
o [EVA/IVA MAINTENANCE o WORK STATIONS o COMPARTMENT DESIGN o FOOD SYSTEMS & INVENTORY o CUSTOMER ORGANIZATION
FACILITY] ® CUSTOMER PAYLOADS o WINDOWS o LAUNDRY o HOUSEKEEPING o EMERGENCY SUPPORT
e [USER LOGISTICS] o CUSTOMER OPERATIONS ® MODULARITY o CLOTHING e OFF-DUTY
: e SPECIAL AIDS e DECOR e VIBROACOUSTICS o [LOGISTICS)
o [EVA RESTRAINTS/ o FURNISHINGS o MEDICAL e [INFLIGHT MAINTENANCE}
MOBILITY AIDS] o LIGHTING o HEALTH MAINTENANCE/
e [EVA TOOLS] o STORAGE EXERCISE
o [LOGISTICS] o RECREATION/LEISURE
e SAFE HAVEN
o {PRIVATE COMMUNICATIONS]
I L JL Jl 1L JL i

WORK GROUPS

17
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FOR SPACE STATION

\.

~

SUSTAINED PERFORMANCE OF ALL ASSIGNED CREW
FUNCTIONS IN A TIMELY, ACCURATE MANNER WITH
SUSTAINED QUALITY THROUGHOUT THE ASSIGNED
FLIGHT DURATION, AT THE LEAST FEASIBLE COST.

J

19
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CREW PERFORMANCE SUPPORT NEEDS

SraCc
SuALioN IIIEF Human Productivity Study e

PHYSICAL HEALTH - ASPECTS OF LIFE AND FITNESS SUPPORT WHICH COULD
CONTRIBUTE TO THE DEFINED CREW PERFORMANCE.

PSYCHOLOGICAL HEALTH - INCLUDING SUCH THINGS AS SENSE OF SECURITY,
PERSONAL FREEDOM, AND AN ADEQUATE SOCIAL ENVIRONMENT.

MOTIVATION - ASPECTS OF DESIGN AND OPERATIONS WHICH COULD ACT TO
SUPPORT MOTIVATION.

ACCESS - BOTH VISUAL AND PHYSICAL ACCESS WITHIN THE ZERO-G ENVIRON.

INFORMATION/KNOWLEDGE - INCORPORATING REAL TIME STATUS & FEEDBACK
AND KNOWLEDGE GAINED THROUGH TRAINING & DOCUMENTATION.

21
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sud

CREW PERFORMANCE SUPPORT NEEDS

I...—nl
<on (CHART 2 OF 2)

——————————meenssess. Human Productivity Study mesme

ORGANIZATIONAL STRUCTURE - ASPECTS OF ORGANIZATIONAL CONSIDERATIONS
WHICH SUPPORT THE NEEDED DYNAMICS OF A FAVORABLE TEAM EFFORT.

TOOLS AND EQUIPMENT - PROVISION AND DESIGN OF ITEMS NEEDED TO PERFORM
TASKS, RELATING TO TYPICAL HUMAN ENGINEERING CONCERNS.

PERFORMANCE CAPABILITIES - STRESSING CAPABILITIES AND COMPATIBILITY
RELATED TO SELECTION FOR THE PROGRAM, MISSIONS AND CRENW.

STABILITY IN ZERO-G - ASPECTS OF RESTRAINTS AND ORIENTATION (PHYSICAL
AND VISUAL) WHICH CONTRIBUTE TO STABILITY NEEDS.

23
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____
S>PACE CREW PERFORMANCE SUPPORT NEEDS

scAuion S —————sesessessss. Human Productivity Study s

PHYSICAL
HEALTH
L “ 1
mum«mwm$.M4mmm_mu_\%_mmx,wnmozm PROVIDE A DESICN/OPERATIONS PROVIDE A DESIGN/OPERATIONS
PHYSICAL HEALTH REQUIRE- APPROACH THAT MONITORS THE SYSTEM THAT MAINTAINS THE
. PHYSICAL HEALTH SYSTEM PHYSICAL HEALTH SYSTEAM
MENTS FOR:
T — T
[ - I 3 I —
LIFE FITNESS MON1TOR MONITOR MAINTAIN MAINTAIN
SUPPORT SUPPORT EFFECTS PROVISIONS EFFECTS PROVISIONS
— — . Ll L R L
- Foop J Hsirenctu ] PSYCHOLOGICAL
HEALTH
H AIR | H STAMINA 1 T
N d
 WATER ] HAGLITY ] muM«mﬂm,‘ﬂ%Jmmm_mﬂ\%hmmmﬂq._Mzm PROVIDE A DESIGN/OPERATIONS
PeveroLomE A ares APPROACH THAT MONITORS THE
H PRESSURE ] HoexTeriTy | zmoc_xm,zmzwm COR - PSYCHOLOGICAL HEALTH SYSTEM
| [BODY | | BODY Cr T Y ) |
ON
ELIMINATION FUNCTIONS SENSE OF PERSONAL PSY /SOCIAL PHYSIOLOGICAL
SECURITY/ FREEDOM ENVIRONMENT HEALTH
ILLNESS ILLNESS .
{PreVENTION | [ PREVENTION SAFETY — CONSISTANCE | | ] ? %
SS— | ﬁ|||._
PRIVACY SLEEP/REST/ o)
L {INJURY /TRUMA| | | INJURY H J LOVE WAKE CYCLE 3=
PREVENTION PREVENTION Mwﬂ‘_ﬂmn_vdoz || RELATIONSHIP oS
] mqs\.q_ou | PERSONAL CONTINUITY iNess o
| [SCEEP/REST PURSUIT
WAKE /CYCLE SoCTAL ) m W
| | IN FUNCTION .._ EXPRESSION | STRUCTURE INJURY | [T~
PERFORMANCE B B &
CONTINUITY i
| | FUNCTION ) — 3 r 3
HABITATION PERFORMANCE INTER- S
RELATIONAL o
25
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SPACE SPACE STATION ELEMENTS

scdAuion E Human Productivity Study s

INTERIOR ARCHITECTURE CREW ACTIVITIES

GENERAL LAYOUT
TRAFFIC FLOW

DECOR

MATERIALS
ANTHROPOMETRY
MODULARITY

WINDOW /REMOTE VIEWING
STOWAGE/STORAGE

CREW SUPPORT

INTERNAL ENVIRONMENT
EXTERNAL ENVIRONMENT
INDUCED ENVIRONMENT
AREA LIGHTING
ACOUSTICS

SAFETY

HEALTH MAINTENANCE
MEDICAL CARE
RECREATION

PERSONNEL HYGIENE
FOOD/WATER SYSTEMS
HOUSEKEEPING
WASTE/TRASH MANAGEMENT
SUPPLY SUPPORT
RESTRAINT SYSTEMS
MOBILITY AIDS
COMMUNICATIONS
QUALITY ASSURANCE
CLOTHING

VIBRATION

27

CREW TRAINING
MAINTAINABILITY

MAINTENANCE

SUPPORT EQUIPMENT

ACTIVITY PLANNING/SCHEDULING
MAN-MACHINE ROLES
ORGANIZATION

STATION AUTONOMY

IVA SYSTEMS

WORK STATIONS
DATA MANAGEMENT

IVA/EVA INTERFACE

AIRLOCK

SERVICING AREA
SUPPLY SUPPORT
STOWAGE/STORAGE
ATMOSPHERE
PERSONNEL HYGIENE
TRAINING /PROCEDURES
COMMUNICATIONS
DATA MANAGEMENT
MAN-TENDED
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SUBELEMENT LIST

(GROUP
ELEMENT
SUBELEMENT)

INTERJOR ARCHITECTURE

GENERAL LAYOUT
10102  ACTIVITY VOLUME PER CREWMEMBER/FUNCTION
10104  DEDICATED VS MULTIPURPOSE SPACE UTILIZATION
10106  EQUIPMENT & FURNISHING REQUIREMENTS

10107  PHYSICAL/FUNCTIONAL ADJACENCIES

ioios INTER/INTRA-MODULE EQUIPMENT cxumzﬁ>quoz
10109  GROWTH

101

102 TRAFFIC FLOW
10201 FREQUENCY OF TRANSIT
10202 EQUIPHMENT ACCOMMODATIONS
10203  CONGESTION MINIMIZATION
10204 PASSAGE IMPINGEMENT
10205  EMERGENCY EGRESS/INGRESS

10206 CREW/EQUIPMENT TRANSLATION & HANDLING AIDS

103 DECOR
10301 COLOR, TEXTURE, GRAPHICS & LIGHTING
10302 INTERIOR DESIGN MODIFIABILITY

10303  CODING

104 MATERIALS
10400  GENERAL
10401  HEALTH AND SAFETY
10402  MAINTENANCE AND REPAIR
10403  DURABILITY & SUSCEPTAB
10404  AUDITORY, OLFALSS
10405  ELECTROMS

29
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Tl Tl aE E Ea e

REPORT FORMAT 3.1 DES1GN/OPERATTONSG R TREMENTS

ENTERTOR ARCHIT

MODULARTTY

EXTSTING ANDARDS AND CONVENTTONS

CROSS REFERENCE TO RFP PARAGRAPH No: Ca (2. 1. 52,2

REFER. NO.

=01 st {Design equipment racks per JRD criteria to
provide flexibility in varicous module config-
urations. )&

ipment racks she commodate a standard
(singl : ch (double) width

cm and

O3 S {Provide standardized utility interface
moctid ar iqry. )k

CANDIDATE SOLUTIONS R NOL

None

CRITICAL ASSUMPTIONS

None

¥ An CISSUET has been defined for studvy to confirm or complete
definition of this preliminary requirement.
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sraCe REQUIREMENTS REVIEW TEAM

AMES RESEARCH CENTER

MARSHALL SPACE FLIGHT CENTER
JOHNSON SPACE CENTER

. BrRETOI
JUNGE

=

. STOKES

J

P. BaHr
A. BEHREND
C. BooHER

W. LaNepoc
R. HERMLING
A. HoLLAnD
J

_u
J

C

LEwis

. Mount

. QUELLAR

. WHEELWRIGHT
CREW StATION DESIGN SECTION
HMF WorkING Group
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(i OGN N G N == &

SPACE
StATioNn

(CHART 1 OF 2)

SYSTEM-LEVEL CRITICAL ASSUMPTIONS

Human Productivity Study msssses

® SPACE STATION, MANNED, IS AS DESCRIBED IN PHASE B RFP REFERENCE
CONFIGURATION, WITH CREW OF SIX.

® PHASE B MILESTONES ARE:

CSD 19 ArriIL
RUR 1 3-19 Ju
RUR 2 4-18 Oct
IRR 3-17 Jan
SRR 7-21 Mar
ISR 1-15 JuL

85
85
85
86
86
86

SEE Jsc-19989, Aue 84,

SDR
EOC
ATP(Puase C/D)
PDR
CDR

17 Nov-1 Dec 86
18 Jan 87
18 Arr 87
18 Arr 88
18 Arr 90

® EMU-SUITED ACCESS WITHIN THE HABITABLE MODULES WILL BE ONLY FOR
REGAINING AN ENVIRONMENT FOR SAFE IVA ENTRY, E.G., FOR LEAK REPAIR
AND ECLS SYSTEM (PRESSURE, CONTAMINATION CONTROL) REPAIR. MINIMAL
DEPRESSURIZED ENTRY MAY ALSO BE REQUIRED AT MODULE DEPRESSURIZATION
FOR GROWTH, I.E., FOR ATTACHING ADDITIONAL MODULES.
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3uAuion

i
|

SYSTEM-LEVEL CRITICAL ASSUMPTIONS

sraCe (CHART 2 OF 2) _

SPACE STATION, MAN-TENDED, IS AS DESCRIBED IN PHASE B REFERENCE

CONFIGURATION (SEE /TH PARAGRAPH, PAGE 5 OF Jsc-19989) AND RFP
PAGE C-5-11, PARA 2.4.

THE MAN-TENDED STATION (LAB MODULE) IS NON-PRESSURIZED.
(RELEVANT ONLY TO SUBELEMENTS 55XXX.)

MAN-TENDED OPERATIONS WILL BE SUPPORTED BY AN STS CREW LIVING ON
THE SHUTTLE.

THE MAN-TENDED MODULE WILL BE REOUTFITTED FOR MANNED I0C.
(REQUIREMENTS DO NOT INCORPORATE CONSIDERATIONS FOR CONVERSION
TO A PRESSURIZED MODULE,)

Because the man-tended module will be
pressurized the IVA requirements within
Groups 1 through 4 are applicable to
both man-tended and nominal options.
Section 55XXX is applicable to non~
pressurized work areas.
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MASTER REFERENCE LIST

11 August 1985

HASTER &

50101
$0104

10104
10201
10107
30701
30903

10109

WHERE USED

50102

REFERENCE

Rockwell International, Reauirements/Definition
Document, Airlock Support, Contract NAS 9-14000,
SD72-S4-0106-4, 15 Jun 1976

McDonnell Douglas Astronautics Co., Thuris
{Generalizations on Human Roles jn Space)
Vol III, MDC H129S, Huntington Beach, CA,

Oct 1984

NASA-JSC, Space Station Program Description
Document Book » Appendix 8, Systems Operation,
Aug 1983

NASA-MSFC, "Mobility & Restraint,” Habitabi

Data Handbook Vol. I, MSC-03909, Alabanma,
31 Jul 1971

W. Pogue, Astronaut Primer

W.E. Woodson, Huam
1981

NASA-MSFC, "Architecture & Environment,”
itabjli Han kv » MSC-03909,
>_mvo-m.u—u=_~ww~

NASA-JSC,
JSC-073878, Houston, qx um: 1982

NASA-MSFC, Factors Affecting the Interior Design

of Crew Compartments for Lonag Duratjon Space
Fliaght, MSC Internal ¥63-ET-16, Alabama,
15 Sep 1967

NASA-JSC, Space Shuttle System Payload
Accommodations, Vol XIV, Rev. H, JSC-07700,
Houston, TX, 16 May 1933

NASA-JSC, 3pace Shuttle Svystem Payload

Accommodatjons, Vol XIV, Rev. H, Attachment 1,
JSC-07700, Houston, TX, 16 May 1983
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TASK 3 - IDENTIFY AND RANK ORDER ISSUES
{(SOW TASK 3.3)

3.2
"RANK ORDER BY IMPORTANCE ~ —~ — — — 1
1 : |
3. _ 3.2.1 3.2.4 “ 3.4

i

- IDENTIFY | RANK HUMAN RANK ISSUES | | NASA REVIEW/

|SSUES =g~P PRODUCTIVITY -p- 8y | UPDATE ISSUES
| EFFECTS IMPORTANCE | AND RANKINGS
! A
322 & e o
| _lu.w L
| RANK |
| => DESIGN pomegd | | RANK ISSUES
EFFECTS BY TEMPORAL
] l PRIORITY |
. 3.2.3 _
| = [
i RANK {
bmdp{ OPERATIONAL

| EFFECTS I
e =————— __]
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FORMAT 5

SUBELEMENT

PROBLEMS/ISSUE IDENTIFICATION

PROBLEMS/ISSUE IDENTIFICATION

TITLE

INTER/INTRA-MODULE EQUIPMENT ORIENTATION

TANDARD
for
:._3:* ﬁuo: Vs 1-9 orientation
ssue to be resolved. Differing
between modules or activity
; e volume utilization but
rbs crew members. Study is needed
,<:_<: 70@1mﬁm7 crew amﬂowu%:ﬁ&w»c:
that
sxxﬁs_Nﬁa and
....2” m..@.&:._ b the stated Phase B
wsm:w that intra-module doors/
will not require body
arientation.
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m..ubhl

JOHNSON SPACE CENTER:

AMES RESEARCH CENTER:

LOCKHEED MISSILES & SPACE COMPANY:

CAMUS:

NASA HEADQUARTERS:
SUNDBERG-FERAR INC.:
ADVANCED TECHNOLOGY INC.:
ILC SPACE SYSTEMS:

BOEING AEROSPACE COMPANY:

*DID NOT PARTICIPATE IN ISSUE RANKING
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ISSUES REVIEW TEAM
b -o-.- S ——————————menss. Human Productivity Study memsssms

BEHREND
GERLACH
LEWIS
MOUNT
QUELLAR
SMOTHERMAN
WOOLFORD

COLER
JUNGE
KAISER

H.T. FISHER

S.
W.
J.

G.
B.

GARRITY
GONZALEZ*
SEMINARA

CARR
POGUE

B.J. BLUTH

E.
R.

ECHTERLING
FARRELL

R. MAY

K. MILLER
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DESIGN IMPACT 1 2 3 4 5
WEIGHT + 0-1 1b 2-25 1bs 26-75 1bs 76-100 1bs = 100 1bs
POWER  + 0-99 w 100-500 w 501-1000 w 1.01-2 Kw > 2 Kw
VOLUME + 0-2 ft3 2.1-3 £t 3.1-4 ft3 4.1-5 £t >5 £t
CONFIGURATION Installed Compartment Module Module exterior| Any combina-
(affects design equipment arrangement interior envelope or tion of config-
of:) configuration arrangement interconnect uration affects
OPERATIONS
IMPACT 1 2 3 4 5
* SS CRBY
WORK TIME  + 0-15 MIN 15.1-30 MIN 30.1-45 MIN 45.1-60 MIN 1 HOUR
* GROUND CREW
WORK TIME  + 0-2 lIRS 2.1-4 IIRS 4,1-6 IIRS 6.1-8 IIRS 8 HOURS
FUNCTTON
COMPLEXITY + NIL TO LW LOW TO MOD MODERATE MOD TO MAJOR MAJOR
*Average per work day
C.P. IMPACT 1 2 3 4 5
POTENTIAL POSITIVE i I Low to Medium or Medium to Very High,
OR NEGATIVE Eppecr| Nil or Low Medium Moderate Very lligh Significant
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SPACE  ISSUE SCORE RANKED LISTINGS
ion T ————————————————sswesss Human Productivity Study s

DESIGN ,
JISSuE & ISSUE T1ILE HEAN o
§omm o e e T R :
12010202 MAINTAIN/FEST PATABLE H20 PURIEY  ° H
2070304 :SICE CREWNFNBER BIUISOLATIUN RUHIS H e .-..-..-------.--Ww.m.—.u.w..m.._.ﬁ.v.-.a.m.-- e
2080202 {ON-B0ARD WFDICAL CAPASILITY RUNTS H : h H H
13060103 IHISSION LENGIR REQUIRERENT H __mmm_._m.u-.m.--.-....-..---mm_._m.wm_“m.:--.-.. i neaw
$1060102  ISTANDARD HARDWARE AND INTERFACE RGNIS ! 2140201 IINVENIGRY MANAGEMENT SYSTEW DEVELOPHENF |
'
Doeies Iarremn e gtn b aurtin | [ oumian inkinTence i niur sworon ! ... CREY PERFORMANCE
AN HARDNARE AN A ' '
ooy MEAIEILIE Mttt L[ iztoool seomune o3iae semircnons | L
N ’ = . ] + ) [ttt 1 iiadiedtiadebnd et e Bt
12050208 JLONG DURATION 0-G NO{SE EXPOSURE LIMITS ¢ "WHMMMW munwuh"m"n“___nzamwwnh.muu_m : 1101040t {MILTI-USE VS DEDICATED SPACE CRITERIA l $.06 !
mno::a_ m;.:: PATLOADS QIOISOLATION RONTS m 1304070% iCUSTOMER TECH DOCUMENTATION REQUIREMENTS ! 11010701 JCOMPARTNENT/AREA AUJACENLY CRITERIA i 5.00 ¢ i
12100104 IHURBEN & LOC. OF CONMOE/URINAL UNTTS H 13060102 ISHIFT OPTIONS : 11010500 TMOBULE/ACTIVITY AREA «KIFNI'H STANOARD ! s.on ¢ f
nu_aagu n_...._._:. SYSTEM YERIFICATION s . M 13090108  JAUTONORY TECH SELECTION/TIME.PHMASING ' G TANDAND HAWDNARE AND INIFRFACE RuNIS ! S.60 ¢ :
i1010801 .__2.:_;:.“:5: :m".onmnx_ .n. ”. ..:.:3 P | t1020301  !MORKSTATION LOCATIGNS CRITERIA ° : 12050102 1LOW FREGHFNCY NOISE COWFAUL ! 5.00 ; :
1060101 [INIERIOR YOLUME REARRANGEMENT Ran ! 111030301 COLOR, LABEL & PAITERN CODING CRITEAIA | 12100101 1COMNODE DESIGN RFQUIREMENTS : s.00 ! :
12020401 {HZE PARVICLE PROTECTION FEASIBILITY 11090101 ¢STOMAGE CONFIGURAIION : 2150101  {STANDARDIZED FUNTWEAM/Funl RESTAINI SYS ! 5.00 ! !
nuau_co_ ‘RAD SHIELOING STRATEGY FNR GROWIN 12100103 $300Y WASTE HANDLING ' Sienjaz _;_S:n_.<:- FACIARS H S.uu ¢ H
12050102 {LOV FREQUENCY NOISE CONTRNL 12140101 {SPARES COMPATINILITY W/SS SYSTEM : PAUINI0L TUURKSTALEAN DESILN GUTDEL 1N S ! s.00 ! H
12070104 {IERD-G SPORFS AND GANES 12140202 ILOCATION OF ON-80AAD SPARES ' TNSNIAL  PREBICTION oF LOM #REWUENCY NulSE ! el d !
12080301 DIAGHOSTIC CAPABTLITY CAITERIA FOR GAOWTH 13030102 (WALL ACCESS/REPAIR 12050103 (ZERN-G EGUIPMENT NuISE SIANDAKDS ) ‘.07 |
12080302 ITREATHENT CAPARILITY CRITERIA FOR GROWTH 13030502 (LEVEL OF ORU 12050201 l1uNG DURATION O-6 NOISE EXPOSURE LINITS | el 1.679 ¢
12090201 [FACTLITY FOR GROUP RECREATION 13050200 {SUPPORT EGQUIPHENT DESIGN STANDARDS 1100102 JURINAL DESIGN REWHIRENENIS H 487 0.40a |
mu_oeuau ISHOMER USE REQUIREMENTS 13050401 !GROUPING OF ON-B0ARD TS 2103 JBaDY WASTE NANDL ING H el ! 0.524 !
§2120531 (WASHER/DAYER DESIGN H 13060100 SIVA/EVA TASE & LEARNING CUAVES . 12100308  (PARTLAL -80DY CLEAHING RQMIS H 4.7 0.705 |
12120601 IDISHWASHER DESIGN : 13080102  [ORGANIZATIONAL STRUCTUAE 12120201 NYFHIHRY NANAGERFNT SESIEN DEVES knf NI H 4.67 ¢ 0.3e9 !
u.u.uo:: IWASTE/TRASH PREDICTJON RuDEL - H 11020101 TRAFFIC FREQUENCY DETERNINAIION 13010401 RAINING PERFURNANLE CRITERIA : .67 3 0.314 |
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%:SS ASTEZIRASH COLLECTION MEFHODS ' 11060101 LINTERINR VOLUME REARRANGEMENT RONT 1300011 ISHIFT EFFECIS UN PERFURNANCE ' [ A 0.404 ¢
_.n_u_:a_ $ RASH CONPACTOR REGUIREHENIS .n 31090301 ITRASH-MASTE STOWAGE/STORAGE 13080102 IORGANIZATIUNAL STRUCTURE LY AN 0.524 ¢
i21307001  iCONTINGENCY TRASH DISPASAL AETHOD i 11090401 iDATA FILE STOMAGE REQUIREMENTS 13080201 {METHUDS 1O ENHANCE CREW IEANWURK YA 0.59] |
12140101 SPARES COMPATIBILITY K/SS SYSIEW ; 12100104 INUMBER & LOC. OF COMMODE/URINAL UNITS L1010201  INIHLRUM ACTIVITY AREA VULUME Run(S H 4338 0.000 !
i2140201 1INVENTORY HANAGEMENT SYSTEM DEVELUPHENI | | 12110302 JAUTONATIC FOOD INVEWIORY SYSTEN 11050201 SANTHRUPUNETRIC AANGE ACCOMMUUATTUNS H €330 0.7 ¢
nn_ma.;_ nczéa-: FLUTD SYSTEMS CONTAM. CONTROL i 12130401 MICAOSIAL, STABILIZATION TECHNIQUE(S) 11050301  JHEUTNAL 810Y PuSTURF DATA DEVEI 0PHENT H 0.¢50 !
12190101 {1V UNDERGARMENT DESIGH H 12140102 'MODULE DOCKING AIDS 11070001  1WINONW MAINTENANCE AND PROTECTIUN RURIS H 0.545 !
"w_.::_: “_<_e:m::_:.mz. OESIEN . P 112150101 ISTANDARDIZED FOOTWEAR/FOOT AESTAINT SYS 11090108 ISTUMAGE CONF TGURATTuN {o0ed !
: 190301 "3 AL QUANTITY 0F CLOIHING PROVIDED i 12150302 (EQUIPHENT RESTRAINTS 11090301  JTRASH-WASTE STUMAGE/STORAGE ' 0.678
“ucuo_a— um_:qme IVA CONTINGENCY OPS o 12160108 CREN TRANSLATION &1DS 12070103 JIFR0-6 AER'AIC EXERCISES H ‘ {.067
”uauc—am "z-_,—. ACCESS/REPALR ; 13010103 (ON-ORBIT OJT TRAINING COST & BDENEFITS 12070301 TANINAL PAYLUADS ST10IStE AITuN RYRIS ' : 0.591
13030501 {CUSTOMER 0RU DESIGN STDS H 13010402 (CRITICAL TASK CROSS-TRAINING 12090202 JFACILITY FoR INDIVIOUAL EZED RFCREAT (0N H ! n.59) ¢
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n_aocua_ “_:mz..:m-m STOMAGE/STORAGE 12070102 EXERCISE TINE RQWIS 53030601  INAENFENANCE MORXSTATINN H H n.650 !
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12010303 JCONTAMINATION LIRITS 12120202 !HOUSENEEPING EQUIPMENT 13000102 ISHIFT NPIuNS . H P03t
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1in202m VA oRU HATNIFNANCE ALCHNNODATJONS RUMES | U.4R7 |
HREUNTRD ] ARESTATIUN EDLATIUNS CREGFRIA H 9. 44y |
PI030401 ICoLeR, LAREL & PALTERN CODING LKITFRIA 0.333 ¢
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TASK 4-IDENTIFY TRADE STUDIES
(CHART 1 OF 2)

TASK 4 - IDENTIFY
TRADE STUDIES
(SOW TASK 3.4)

4.3

4.1

T

DEFINE
RADE STUDY
VALUE
SYSTEM

4.

2 ]

COMPARE

! ISSUES TO

NASA PLANS

.

SELECT
ISSUE

RESOLUTION
APPROACH

4.

y

CONDUCT
SELECTED
TRADES
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4.1

4.2

4.3

.4

TASK 4-IDENTIFY TRADE STUDIES
(CHART 2 OF 2)

NASA STUDY OVERLAP SEARCH

® RECOGNIZED REDUNDANCIES SET ASIDE
® NASA—CONTRACTOR NEGOTIATION FOR ISSUE SELECTION

STUDY PLANS COMBINED ISSUES
® MIXED APPROACHES

TRADE NEEDS, CONSIDERATIONS DESCRIBED WITHIN
STUDY TASKS

® TRADE VALUE SYSTEM NOT STANDARDIZED

TRADE STUDIES NOT NEEDED; NOT PERFORMED
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_SPACE

MANAGEMENT PLANS

auaAuion ‘
MGMT ISSUE
PLAN NO. NO. TITLE
10IM01 COMPARTMENT ARRANGEMENT AND VOLUME GUIDELINES
1010201 MINIMUM ACTIVITY AREA VOLUME GUIDELINES
1010401 MULTI-USE VS DEDICATED SPACE CRITERIA
1010701 COMPARTMENT/AREA ADJACENCY CRITERIA
1010801 MODULE /ACTIVITY AREA ORIENTATION STANDARD
102Mo01 TRAFFIC FREQUENCY AND WORKSTATION LOCATION
1020101 TRAFFIC FREQUENCY DETERMINATION
1020301 WORKSTATION LOCATIONS CRITERIA
103M01 INTERIOR DESIGN GUIDELINES
1030101 INTERIOR DESIGN GUIDELINES
1030201 INTERIOR DESIGN MODIFIABILITY PROVISIONS
1030301 COLOR, LABEL, AND PATTERN CODING CRITERIA
103M 02 1030302 INTERIOR LOCATION COORDINATE SYSTEM
104M01 1040001 HAB INTERIOR MATERIALS SELCTION REQUIREMENTS
105M01 ANTHROPOMETRIC DATA DEVELOPMENT
1050201 ANTHROPOMETRIC RANGE
1050301 NEUTRAL BODY POSTURE DATA DEVELOPMENT
1050401 GROWTH AND ANTHROPOMETRIC CRITERIA
106M01 1060101 INTERIOR VOLUME REARRANGEMENT REQUIREMENTS
106M 02 1060102 STANDARD HARDWARE AND INTERFACE REQUIREMENTS
109Mo01 EQUIPMENT AND FOOD STOWAGE; 10C AND GROWTH
1050101 STOWAGE CONFIGURATION
1090601 STOWAGE VOLUME AND CONFIGURATION FOR GROWTH
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SPACE TASK 5

Suauon e ————————————— Human Productivity Study s

3.1
o IDENTIFY |
ISSUES )
3 .
i
| 3.2.2
[} RANK
| > DESICN
) EFFECTS _
!
) 3.2.) :
i RANK |
madd OPERATIONAL
| EFFECTS |
L e E=——e—_ _ 1
=w...>mx S -~ PERFORM SELECTED
CONCEPTUAL
DESIGNS
TIONS (SOW TASK 3.5)
TASK 3.2) 5.1
NPT CONCEPTUAL
EVIEWILIST DESIGNS
L REFERENCES .I_
NTIFY ‘
“ICAL
TIONS
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CONCEPTUAL DESIGNS

Human Productivity Study wemsssmms

voree e o eemar - -
Lose/ Pvor = wal. oUT VES
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TASK 6
. Human Productivity Study e

TASK 6 - DEVELOP .l_
MANAGEMENT
PLANS AND
DEVELOPMENTAL
SCHEDULES
(SOW TASK 3.6)

61 6.2
DEFINE
MANACEMENT DEFINE >
PLANS FOR ’ SCHEDULES —
EACH ISSUE

I

ﬁ OBJECTIVES
DELIVERABLES
INPUTS
APPROACH

SPECIAL
REQUIREMENTS

SKILLS AND
MANPOWER

ISSUE
INTERFACES
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>PACe DETAILED EXAMPLES

on T ————usessmess Human Productivity Study sesswses

SELECTED EXAMPLES DESCRIBED IN DETAIL
FROM DATA COMPILATION THROUGH STUDY
MANAGEMENT PLANS.,

214M03
201M01
215M01
101M01

INVENTORY MANAGEMENT
ATMOSPHERE REVITALIZATION
RESTRAINT SYSTEM

GENERAL LAYout
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® REQUIREMENTS DOCUMENT
48 ELEMENTS
226 SUBELEMENTS
REFERENCES AND SUPPORTIVE MATERIAL

0 ISSUES
305 DEFINED STUDY TOPICS
CROSS-REFERENCED TO UNRESOLVED REQUIREMENTS

@ STUDY MANAGEMENT PLANS

67 FULLY-DESCRIBED STUDY APPROACHES & RESOURCE
SUMMARIES, COVERING 108 1SSuEs
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_SPACE STUDY PRODUCTS (CHART 2 OF 2)
" ScAcion

Human Productivity Study mssssae

® PERSONAL COMPUTER FILES

COMPLETE DATA TRACEABILITY

DISKETTE, TAPE, CRT, OR PRINTED DATA ACCESS
NETWORK ACCESS
SUPPORTIVE DATA ACCESS

Amm.s MGMT PLAN - ISSUE - UNRESOLVED REQMT CORRELATION)
PREPARED FOR CONVERSION TO RELATIONAL DATA BASE
UPDATEABLE
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COMPREHENSIVE INTEGRATION OF STUDIES

HP (MANAGEMENT PLAN) STuDIES
Existine NASA StupIES

ESTABLISH RELATIONSHIPS AND CHRONOLOGIES
IN LIGHT OF SSP TIMELY INPUT NEEDS
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MANAGEMENT PLAN
RELATIONSHIPS

1030201
193030;

103102 1030302
t04n0! 1040001

106001

1090101
1090501
202959
2020564

109102 1080401
109103 1060301
201101 201010}
201103 2010202
201M04 2016203

201108

2010302

201n08 2010303

202n01

1020101
1020301
1030101
2010301
2020103
2020104
2020105
2020801
2021001
— 220607
2020591

101ngl
1o02mMo1

202nG)

103n01
109104
202n02

101m31 COMPARTHENT HRRANGEMENT & YOLUME DUIDEL INES
1030201 ENINIMUN RCTIVITY RAREA VOLURE REQUIREMENTS
1010401 QHULTI-USE ¥S DEDICATED SPACE CRITERIA
1010701 JCONPRRTMENT/RREA ADJACENCY CRITERIR

1010801 ENODULE/RCTIVITY RRER ORIENTRTION STANDARD

102001 TRAFFIC FREQUENCY & MORKSTATION LOCRTION
1020101 JTRRFFIC FREQUENCY DETERMINATION
1020301 §WORKSTRTION LOCATIONS CRITERIA

103n01 INTERIOR DESIGN GUIDELIMES

1090101 JINTERIOR DESION GUIDELINES
1030201 RINTERIOR DESION NODIFIABILITY PROYVISIONS
1030301 BCOLOR, LABEL ., AND PRATTERN CODINO nz— ERIA

103102 §1030302 JINTERIOR LOCRTION COORDINATE SYSTEN

104001 J1040001 JHAB INTERIOR MRTERIALS SELECTION REQUIREMENTS

10610} ANTHROPOMETRIC DATR DEVEL OPNENT
1050201 §RNTHROPONMETRIC RANGE

1050301 BNEUTRAL BODY POSTURE DATA DEVELOPMENT
1680401 JGROMTH RND ANTHROPOMETRIC CRITERIR

106101 §1060101 JINTERIOR YOLUNE RERRRANGEMENT REONTS

106002 §1060102 RSTRANDARD HARDWARE RAND INTERFACE REGNTS

1o8n01 EQUIPHERT &4 FOOD STYOWAGEs 10C & OROWTH

1090601 §STOMAGE CONF IGURATION
1080601 FSTOMAGE YOLUME & CONFIOURATION FOR GROWTH

10Sn02 1090401 JORTA FILE STDKRGE REQUIRENENTS
108103 11080301 JTRASH-NASTE STOWAGE AND STORAOE

201101 §2010101 FRINOSPHERE SPECIFICATION
j201AC3 §2010202 ENRINTAIN/TEST POTRBLE WATER PURITY
201N04 §2010203 IMATER ALLOCRATION FOR CREM SUPPORT -

[2B1105 CONTAMINARTIONG LINITS & ORSEOUS LORD MODEL
2030303 BGASEOUS CONTRMINANT LORD MODEL

2010302 gRICROBIRL LOAD MODEL

|201n06 §2010303 JCONTRRINATION LINITS

lzoznol RADIATION NONITORIND BYSTEN

12020101 JRADIATION NONITORING SYSTEM
2020102 RPERSONNEL DOSINITRY

[Zzn02 SHIELDIMD PROTECTION

2020103 JOPTINAL SHIELDING BISTRIBUTION
2020104 EHINDOW RADIATION PROTECTIOA
2020106 BSHIELDED STORAGE
NICROMETEQORITE AKD DEBRIS PROTECTION
2021001 QRADIATION SHIELDIND STRATEDY FOR GROWTH

SOLAR FLARE PROTECTION

o ——

[2exn03

ALWND ¥ood 40

20205602 §SOLAR FLARE PROTELTION

2020501 §S50LAR FLRRE RISK

2020503 RSOLAR FLARE CONTINOENCY PLANNINO
2020604 BSOLRR FLRRE WARNINO SYSTER

20en04 §2020403 JHZE PARTICLE PROTECTION FERASIBILITY

fzrxends 2021201 JGROUND GUFPORT FOR RRDIRTION PROTECTION
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RESEARCH AND TECHOLOGY DEVELOPMENT STATUSING
RTOPS AND POPS INADEQUACY

PERIODIC STATUSING OF IMPLEMENTED STUDIES
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(U) Leader Training (U) NOO Training (U) Combat Simulation (U) Tactics
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23, Objective. (U) The goal of this effort is to enhance the effectiveness
and efficiency of small unit battle simulation training systems through the
application of advanced technology for terrain representation, A prototype
terrain representation system based on the recently developed ''surrogate
travel" techniques which integrate videodisk, microprocessor and computer
generated imagery technologies, will be developed and evaluated against
conventional approaches.

24. Approach, (U} Initial work involves an empirical analysis of the temporal
and spatial resolution requirements of a 'surrogate travel' system, including
interaction of resolution requirements with type of terrain to be represented,
mode of travel, and other variables relevant to battle simulation applications.
The resulting specification of minimm structural and performance requirements
for application to particular battle simulation training objg¢ctives and control
functions will be used to select a specific configuration for prototype develop-
ment. The prototype advanced terrain representation system will in turn, be
subjected, in a battle simulation training context, to a cost and training
effectiveness analysis (CTEA) in comparison with conventional terrain represen-
tation methods, including tactical maps, map boards, and three dimensional
terrain boards.
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RELATIONAL DATA BASE DEVELOPMENT

DEFINE USER REQUIREMENTS

DEFINE COMPATIBILITY CONSTRAINTS

DEVELOP ARCHITECTURE

IMPLEMENT PROTOTYPE WITH HP DATA BASE
PROVIDE SYSTEM, DOCUMENTATION & INSTRUCTION
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INTEGRATION OF HUMAN PRODUCTIVITY PROGRAM
SPACE AND SPACE STATION PROGRAM

Human Productivity m::_«. —————
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STUDY OUTPUTS : [tt
) PRELIM
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